Abstract. The presence of uncertainties in assessing benefits and costs detracts from deterministic economic evaluation. This paper examines three probabilistic economic evaluation procedures: stochastic dominance, expected gain-confidence limit, and Hurwicz criterion. Their relative performances are evaluated through an example. Furthermore, the paper investigates the effects of (1) distributional assumptions of benefit and cost items, (2) uncertainty in project life, and (3) distribution of net present value on the project selection.
Introduction
Economic analysis has been applied to assess the differences among projects and to provide a basis for project comparison. Among the various economic performance criteria, B/C ratio (BC) and net present value (NPV) are perhaps the most commonly used criteria to evaluate the economic merit of competitive public projects. Canada and White (1980) proposes three criteria to judge the economic feasibility of alternatives (projects) without uncertainty: (1) the net present value of a project is nonnegative; (2) the project rate-of-return (ROR) exceeds the specified minimum ROR; and (3) the B/C ratio exceeds 1. To yield a consistent result between the two criteria, the incremental B/C analysis should be implemented.
The criteria mentioned above for testing the feasibility of projects and for projects prioritization are intuitively sensible and theoretically valied for cases without uncertainty. As the uncertainties are embedded in benefits and costs of a water resource project, the values of NPV and B/C cannot be know exactly. In the presence of uncertainty, there exists a probability for NPV of any water resource project to be negative. Also, there is a possibility that the NPV of one project is larger than the other or vice versa. The uncertainty of NPV or B/C ratio creates difficulty in using the criteria and rules mentioned above for project evaluation.
When benefits and costs are random, the derivation of statistical properties of economic performance criteria such as the NPV or B/C ratio is the first step for assessing the feasibility and prioritization of projects. The uncertainty characteristics of a random variable can be described by its PDF and/or by its statistics such as their moments. Probabilistic evaluations incorporate uncertainty characteristics, along with economic principles, to compare the merits of various competitive projects.
In Section 2, a brief discussion on the decision-maker's risk attitude and their effects on project evaluation is given. Then, Sections 3, 4, and 5 describe, respectively, the theoretical background of the three probabilistic economic methods followed by outlines of proposed evaluation procedures in Section 6 based on the probabilistic approaches. In Section 7, applications of the probabilistic approaches to an example are presented to demonstrate their utilities and to e~.amine their relative performances.
Probabilistic Project Evaluation and Risk Attitudes
Consider using the economic NPV criterion subject to uncertainty. Probabilistic economic evaluation under uncertainty requires knowledge about the statistical properties of NPV. The frequently used statistical properties of uncertain project return are the mean and variance.
Using mean and variance values for project comparison is a rather common practice in dealing with uncertain returns. A classical mean-variance (E-V) criterion was first proposed by Markowitz (1959) for portfolio selection. In some situations, using the expected return and the associated variance cannot account for the full extent of uncertainty of project return. This Was elaborated recently by Tung et al. (1993) . They indicates that, in project selection and evaluation under uncertainty, the use of complete statistical information of economic performance criteria, carried by the distribution function, rather than the first two moments, is necessary.
Three types of risk attitude are common: risk-aversion, risk-neutral, and risktaking. For most public investment decision-makers, the fear of possible failure of an intended project performance caused by uncertainties frequently translates into a more cautious andconservative attitude. The use of a safety factor in many engineering designs is an example of this behavior. It is analogous to an individual's action in purchasing insurance to protect against unexpected catastrophes. This conservative attitude when faced with uncertainty and risk, is known as risk aversion. For a risk-averse decision-maker, the utility function associated with the random return, which indicates the decision-maker's preference for different levels of return, is increasing and concave. Because such a risk-averse attitude generally prevails in many public project investments including water resources project design and planning, the proposed project evaluation procedure presented in this paper will make such assumption. Detail discussions of various risk attitude can be found in Tung et al. (1993) and references cited therein.
